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AXAF, t h e  next major s t e p  i n  NASA's prozram fo r  X-ray as t ronomy,  is p r e s e n t l v  In  its 

Phase  B d e f i n i t i o n  and d e s i g n  p h a s e  and c o u l d  be launched a s  e a r l y  a s  1993. The 

AXAF w i l l  be a long  d u r a t i o n  ( 2 1 5  y e a r s )  n a t i o n a l  o b s e r v a t o r y  w i t h  a m a j o r i t v  of t h e  

o b s e r v i n g  t i m e  set a s i d e  fo r  g u e s t  i n v e s t i g a t o r s .  A X A F  w i l l  h a v e  a g r a z i n z  i n c i -  

dence  t e l e s c o p e  c o n s i s t i n g  of s i x  n e s t e d  W o l t e r  type I p a r a b o l o i d - h y p e r b o l o i d  mirror 

p a i r s  r a n g i n g  i n  d i a m e t e r  from 0.6 t o  1 . 2  m, and a complement of powerfu l  i m a g i n g  

and s p e c t r o s c o p i c  I n s t r u m e n t s .  

a rc -second,  c o l l e c t i n g  a r e a  of 1700 cm2, and s i g n i f i c a n t  e n e r g y  r e s p o n s e  up t o  10 

keV. These  c h a r a c t e r i s t i c s  and t h e  modern i n s t r u m e n t s  r e s u l t  i n  A p F  b e i n g  a f a r  

more p o w e r f u l  o b s e r v a t o r y  t h a n  HEAO-2 ( E i n s t e i n )  f o r  p r o b i n g  s t e l l a r  coronae .  

The t e l e s F o p e  w i l l  have a n  a n g u l a r  r e s o l u t i o n  of 0.5 

The l o n g  l i f e t i m e  of t h e  AXAF w i l l  p r o v i d e  t h e  a s t r o n o m i c a l  community v i t h  a n  

X - i a y  o b s e r v a t o l y  cap 'able  of f o l l o w i n g  up on t h e  remarkable  HEAO-2 ( E i n s t e i n )  re- 

s u l t s .  Eve? more i m p o r t a n t .  AXAF w i l l  be a b l e  t o  e x t e n d  i t s  cun d i s c o v e r i e s  b e f a u s e  

of i t s  l o n g  l ifetime and t h e  p r o s p e c t  of more powerful  i n s t r u m e n t s  in t h e  f u t u r e .  

T h i s  w i l l  be  t h e  f i r s t  t i m e  t h a t  X-ray astronomy w i l l  h a v e  t h i s  c a p a b i l i t v  which  is 

as i m p o r t a n t  a s  t h e  hardware  i n  a s s u r i n g  t h e  AXAF's s c i e n t i f i c  s u c c e s s .  

The i n s t r u m e n t a t i o n  t h a t  may f l y  i n i t i a l l y  at  t h e  s ta r t  of t h e  AXAF m i s s i o n  h a s  

been s e l e c t e d ,  t h r o u g h  t h e  peer - rev iew p r o c e s s ,  and t h e  i n s t r u m e n t  per formance  pa- 

rameters are l i s t e d  in T a b l e  l. The t r a n s m i s s i o n  g r a t i n g s ,  t h e  microchannel  p l a t e  

imager  (HRC),  and t h e  c y r s t a l  s p e c t r o m e t e r  a r e  more p o w e r f u l  v e r s i o n s  of E f n s t e f n  

class i n s t r u m e n t s .  The improvement i n  s e n s i t i v i t y  r e s u l t s  from t h e  s u p e r i o r  per -  

formance  of t h e  AXAF t e l e s c o p e  and from t h e  improvements i n  t e c h n o l o w  i n  t h e  p a s t  

decade .  The e f f e c t i v e  a r e a s  of t h e  g r a t i n g  s p e c t r o m e t e r s  are t y p i c a l l y  more t h a n  a 

f a c t o r  of 50 l a r g e r  t h a n  t h e f r  E i n s t e i n  c o u n t e r p a r t s .  The CCD imager  and t h e  X-ray 

quantum c a l o r i m e t e r  r e p r e s e n t  r e c e n t  a d v a n c e s  i n  X-ray d e t e c t o r  t e c h n o l o g y .  The 

f o r m e r  e x t e n d s  h i g h  e f f i c i e n c y ,  h i g h  r e s o l u t i o n  imaging w i t h  s o l i d  s t a t e  enerRy 

r e s o l u t i o n  t o  t h e  h i g h e s t  AXAF e n e r g i e s  and a l s o  s e r v e s  as t h e  most p r o m i s i n g  de- 

tector f o r  t h e  h i g h  energy  t r a n s m i s s i o n  g r a t i n g s .  The c a l o r i m e t e r ,  c u r r e n t l y  in 

development ,  r e p r e s e n t s  a mejor s t e p  forward  i n  h igh  e f f i c i e n c y ,  h i g h  e n e r w  r e s o l u -  

t i o n  n o n d i s p e r s f v e  s p e c t r o s c o p y .  

The o v e r a l l  improvement i n  s e n s i t i v i t y  t h a t  t h e s e  i n s t r u m e n t s ,  t o g e t h e r  v i t h  

t h e  AXAF t e l e s c o p e ,  b r i n g  t o  X-ray astronomy is  t r u l y  r e m a r k a b l e .  For example,  

E i n s t e i n  had observed  a p p r o x i m a t e l y  500 s o l a r - t y p e  stars,  w h e r e a s  t h e  AXAF c o u l d  
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Table 1. Initial U A F  instruments chosen for development and their anticipated performance. 

Principal Energy Energy Effective Angular Wn. detsctable 

(institution) at 1 keV (keV) at 1 keV (arcsecs) (erw cm-* B-') 
Instrument investigator res. EIAE range area (em2) res. flux in 104 B 

High resolution 
camera' (HRC) 

U A F  C C D  imaging 
spectrometer 
(ACIS)  

S i  (Li) spectro- 
meter 

Quantum calori- 
meter (QC) 

Trans. grating 
speetr. (TCS) 

Trans. grating 
spectra ( T C S )  

Bragg crystal 
spectr. (BCS) 

S. brray 
(SAO) 

C. Gsnnire 
(Penn Stare) 

s. Holt 
(GSPC) 

s. Holt 
(CSPC) 

A. Brinkman 
(Utrecht) 

C. Canizares 
( H I T )  

C. Csnirares 
(UIT)  
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f - fraction of t i p  scanning a spectral feature. ._ 
observe in a few months all of the more than 6000 stars accessible (but not ob- 
served)' by Einstein. 

vastly larger, and the available volume of space for ,sampling will increase by a 

factor of a thousand, - 
The total number of stars accessible to AXAF is. of course, 

The Einstein has had a profound impact on stellar astronomy because it  replaced 

a picture of stellar coronae based on a handful of detections with a picture hased 

on detections of X-rays from nearly every type of star (cf. Vaiana et. 1981; 

Linsky 1982). 

yet been detected I s  that containing the K-M giants and superRiants (Ayres et al. 

1981). Einstein also observed a large spread (a factor of 300) in X-ray luminosity 

of late-type stars of the same spectral type and luminosity class, which indicates 

that effective temperature and gravity are not the main parameters determining the 

properties of stellar coronae. Instead, strong, closed magnetic fields confine 

coronal structures (Hosner, et al. 1978) ,  and they likely determine the hentinR rate 

and control the energy balance. Empirical correlations of X-ray luminosity with ro- 

tation rate, age, convective zone depth, and Rossby number support the all-pervasive 

The only region of the HR diagram from which no stellar X-rays have 

role of 

coronal 

coronal 

dynamo-amplified magnetic fields. 

parameters, AXAF should provide insight into the detalled mechanisms for 

heating which are uncertain even for the Sun. 

By-observing a wide range of stars and 

t 

Id 
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Whl Le t t w  gi&st-e> has  xtvc-ii 11s vd1rl;thlr inform'it ton a h o u t  t h e  t y p e s  of s t a r 9  

+ t h a t  have hot ,  c v r o n n e  and t h e  range?, f i t  X-ray luminos i ty  fo r  e a c h  s p e c t r a l - t u m i n o s  
A 

class, w e  s t i l l  know very l i t t l e  a b o u t  the impor tan t  p h y s i c a l  p r o p e r t i e s  of t h e s e  

tv 

' 
coronae .  E i n s t e i n  l a c k e d  t h e  s e n s i t i v i t y  and t h e  s p e c t r a l  r e s o l u t i o n  to measure tem- 

p e r a t u c c s  a c c u r a t e l y  and to mcasllre corotwl d c n . i l i I c s  and f low v e l o c i t i e s .  Thus ,  we 

can now only  s p e c u l a t e  c o n c e r n i n g  t h e  g e o m e t r y ,  h m t i n g  r a t e s .  a c c e l e r a t i o n  mecha- 

n isms ,  and c a u s e s  f o r  c o r o n a l  v a r i a b i l i t y  and dynamic phenomena s u c h  a s  f l a r e s .  The 

AXAF w i l l  p e r m i t  a quantum Leap in o b s e r v a t i o n a l  c a p a b i l i t y  t o  measure  t h e  i m p o r t a n t  

c o r o n a l  plasma p a r a m e t e r s .  

a t t a c k  i n c l u d e :  

P . Some i m p o r t a n t  q u e s t i o n s  t h a t  AXAF s h o u l d  he a b l e  t o  

1 )  What is t h e  range  of c o r o n a l  t e n p e r a t u r e s  t h a t  o c c u r s  i n  c o r o n a l  magnetic 

l o o p  s t r u c t u r e s ?  Moderate  r e s o l u t i o n  s p e c t  r o s c o w  is needed to  d e t e r m i n e  w h e t h e r  t h e  

t e m p e r a t u r e  depends  on s p e c t r a l  t y p e  or r o t a t i o n a l  v e l o c i t y  among t h e  c o o l  d w a r f s .  

2 )  What are t h e  e v o l u t i o n a r y  time s c a l e s  of c o r o n a l  l o o p s  and a c t i v e  r e g i o n s ,  

and what a r t .  t h e  p r o p e r t i e s  of s t e l l a r  m a g n e t i c  cycles and dynamos? 

3) What are t h e  d e n s i t i e s  i n  f l a r e s  on d i f f e r e n t  t y p e s  of s t a r s ?  X-ray s p e c -  

t r o s c o p y  w i t h  h i g h  r e s o l u t i o n  and s e n s i t i v i t y  is needed t o  measure  t h e  f l u x  r a t i o s  

of X-ray l i n e s  t h a t  are d e n s i t y  s e n s i t i v e  f o r  ne 2 

t h e  Sun? 

l i n e s .  

4) Do X-ray luminous a c t i v e  dwarfs  h a v e  h o t  winds and la, mass loss r a t e s  l i k e  * 

High r e s o l u t i o n  s p e c t r o s c o p y  is needed t o  s e a r c h  f o r  D o p p l e r - s h i f t e d  X-ray 

5 )  What a r e  t h e  fundamenta l  d i f f e r e n c e s  between t h e  c o r o n a e  of  young and o l d .  

dwarf  s t a r s ?  Are t h e  d i f f e r e n c e s  p r i m a r i l y  i n  t h e  f r a c t i o n  o f  t h e  volume f i l l e d  

w i t h  l o o p s ,  t h e  l o o p  l e n g t h s ,  d e n s i t i e s ,  t e m p e r a t u r e s ,  o r  t o t a l  h e a t i n g  r a t e s ?  

6 )  What are t h e  v a r i a t i o n s  of t e m p e r a t u r e ,  e l e c t r o n  d e n s i t y ,  X-ray l u m i n o s i t y ,  

and e m i t t i n g  volume as a f u n c t i o n  of  time dr i r tng  f l a r e s  in M dwarf 6 t a r q '  

r e s o l u t i o n  demands the h i g h  t h r o u g h p u t  of AXAF. 

High t t m c  

7 )  What a r e  t h e  t u r b u l e n t  and s y s t e m a t i c  mass motions  d u r i n g  f l a r e s ,  and do 
t h e s e  m o t i o n s  p lay  a n  I m p o r t a n t  role i n  t h e  f l a r e  energy b a l a n c e ?  

c o o l e d  p r i m a r i l y  ky r a d i a t i o n ,  c o n d u c t i o n ,  or expans ion?  

Also, a r e  f l a r e s  

This work is s u p p o r t e d  ly a NASA g r a n t  t o  t h e  N a t i o n a l  Bureau of S t a n d a r d s .  
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